Introduction {#sec1-1}
============

Acetaminophen (APAP) is one of the most common ingredients in most household medicines. Intake of a large dose of APAP may result in severe hepatic necrosis. Oxidative stress mediated by oxidative capacities of the APAP metabolite (N-acetyl-p-benzoquinoneimine), is considered as the main cause of hepatotoxicity of APAP.\[[@ref1]\] Acetaminophen is primarily metabolized in the liver by first-order kinetics and involves three principle separate pathways: conjugation with glucuronide, conjugation with sulfate and oxidation via the cytochrome P~450~ dependent, mixed-function oxidative enzyme pathway to form a reactive intermediate metabolite, which conjugates with glutathione and is then further, metabolized to form cysteine and mercapturic acid conjugates.\[[@ref2]\] When glutathione is depleted, the reactive metabolite causes necrosis of the liver and other tissues. Treatment of APAP toxicity involves supplying alternate sulfhydryl donors or inhibiting oxidative formation of the reactive metabolite.\[[@ref2]\]

Clinically, deferoxamine (desferal) is the most current drug for decreasing concentration of iron in patients.\[[@ref3]\] Deferoxamine has an antioxidative effect along with the iron chelatory property.\[[@ref4]\]

The vanadium compounds exert insulinomimetic effects on the cardiovascular system. These effects are exerted at the level of glucose transporter type 4 (GLUT-4) translocation and glucose transport, as well as at the level of smooth muscle contractility.\[[@ref5]\] Also, Tas *et al*, reported that vanadium sulfate has an antioxidative action in dibetic rats.\[[@ref6]\]

In the present study, based on probable antioxidant effect of deferoxamine and vanadium, the effect of vanadium was compared with deferoxamine on hepatotoxicity and also on kidney function alteration during APAP administration in rats.

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Materials {#sec3-1}

Vanadium (sodium monovanadate) was purchased from Merk Co., (Germany). Desferal was purchased from Novartis Co., Switzerland. Commercial kits for alanine aminotransferase (ALT) and aspartate aminotransferase (AST) measurement were purchased from Pars Azmon Co., Iran.

### Animals {#sec3-2}

Adult, male Wistar rats, weighing 180-220 g were obtained from the animal center of University of Jondishapour. The animals were kept under standard conditions and had access to a standard diet and clean drinking water.

### Methods {#sec3-3}

The animals were divided randomly into 5 groups of 5 animals each. The rats received the drugs as a single dose. The first group, group I, received saline intraperitoneally (i.p.), this group served as a control. The second group, group II, received APAP 500 mg/kg, p.o. The third group, group III, received APAP 500 mg/kg, p.o. with defroxamine at a dose of 50 mg/kg, i.p. The fourth group, group IV, received APAP 500 mg/kg, p.o. with vanadium 10 mg/kg, i.p.. The fifth group, group V, received only vanadium 10 mg/kg, i.p.

After 48 hours, the animals were anesthetized with ketamine (100mg/kg, i.p.), and blood samples were obtained. The serum samples were separated for the measurement of ALT and AST levels that were estimated according to the method of commercial kits. These enzymes are related to the liver injury; especially AST is more specific for the liver of rats.

Sections from the liver of each animal were fixed in phosphate-buffered formaldehyde, embedded in paraffin by Histokinnet apparatus, and 5 *μ*m thick sections were prepared. The sections were stained with hematoxylin and eosin for the evaluation of liver tissue.

Data were expressed as mean ± SEM. Group variance was analyzed by one-way analysis of variation (ANOVA) and Fisher least significant difference test (LSD) was tested for significant differences between the groups. *P*≤0.05 was considered statistically significant.

Results {#sec1-3}
=======

Administration of APAP (500 mg/kg, single dose) resulted in a significant increase serum ALT and AST concentration. The mean of ALT concentration in group II (98 IU/L) was significantly greater than group I (48 IU/L) (*P* \< 0.05). This elevation of ALT was lowered in group III (received APAP and deferoxamine) with comparison to group II. The mean was significantly different in group IV (which received APAP and vanadium) and V (received vanadium) with comparison to group II \[[Figure 1](#F1){ref-type="fig"}\]. The mean of serum activity of AST in group II (187 IU/L) was significantly greater than group I (141 IU/L) (*P* \< 0.05). Also, the mean serum activity was significantly (*P* \< 0.05) decreased in other groups in comparison with group II \[[Figure 2](#F2){ref-type="fig"}\].

![The mean ± SE of serum ALT concentration in rats. Groups I to V received : normal saline, APAP, APAP + deferoxamine, APAP + vanadium, and only vanadium, respectively (*P* \< 0.05).](IJPharm-43-429-g001){#F1}

![The mean ± SE of serum AST concentration of rats. Groups I to V received normal saline, APAP, APAP + deferoxamine, APAP + vanadium, and only vanadium, respectively (*P* \< 0.05)](IJPharm-43-429-g002){#F2}

The change of factors, which related to the kidney function, i.e., BUN, creatinine, sodium, and potassium was not significant \[[Figure 3](#F3){ref-type="fig"}\].

![The mean ± SE of serum creatinine concentration of rats. The received normal saline, APAP, APAP + deferoxamine, APAP + vanadium, and only vanadium (group I to V, respectively)](IJPharm-43-429-g003){#F3}

Histopathological evaluation of livers is shown in [Figure 4](#F4){ref-type="fig"} and was as follows:

![Microscopic illustration of the liver of rats (H&E. ×200). CV: central vein. A: Group II (rats received APAP), hepatocytes show severe hydropic degeneration. Note the big spaces in cytoplasm (arrows); B: Group III (rats received APAP + deferoxamine), note the moderate cell swelling and lymphocytes in portal area (arrow and circle); C: Group IV (rats received APAP + vanadium), note the mild cell swelling. There are minute spaces in some of hepatocytes and the sinusoids are clear (arrows).](IJPharm-43-429-g004){#F4}

Group I: The liver was normal at light microscopic examination.

Group II: Rats which received APAP showed sever hydropic degeneration with irregular spaces in hepatocytes and sinusoids were occluded which is due to hepatocyte swelling.

Group III: The liver examination showed congestion and moderate cell swelling. There were a few foci of lymphocyte accumulation in the portal area.

Group IV: Moderate cell swelling was observed.

Group V: Mild cell swelling was observed.

Discussion {#sec1-4}
==========

Administration of APAP was toxic for rats in the present study. However, various dosages were used in other studies.\[[@ref7]--[@ref9]\] The result of the present study shows that the selected dose can induce hepatotoxicity in biochemical and histopathological aspects. We did not see considerable changes of biomedical factors which were related to the kidney function with present regime. However, APAP- induced nephrotoxicity was reported by Laster *et al* and Younes *et al*.\[[@ref9][@ref10]\] The difference in our result may be related to the dosage and route of APAP administration.

The prophylactic effect of administration of deferoxamine in the present study was similar to other studies.\[[@ref10]--[@ref12]\] These concluded that the protective effect of deferoxamine against APAP-induced liver injury may be attributable to the chelation of iron, which can catalyze the generation of active oxygen species, in hepatocytes.\[[@ref11]\]

In our previous study, we demonstrated the preventive effect of deferoxamine on iron-induced hepatotoxicity in rats.\[[@ref13]\] The role of oxidative stress in APAP-induced hepatotoxicity and preventive and therapeutic effect of natural antioxidant was evaluated in some studies.\[[@ref14][@ref15]\] For example, the hepato protective effect of aqueous ethanol extract of *Zingiber officinale* against APAP-induced acute toxicity is mediated either by preventing the decline of hepatic antioxidant status or due to its direct radical scavenging capacity.\[[@ref16]\] The ethanolic extract of *Cuscuta chinensis* can prevent hepatic injuries of APAP-induced hepatotoxicity in rats and this is likely to be mediated through its antioxidant activities.\[[@ref17]\] Similar results were seen in the *Phyllanthus niruri* administration in mice.\[[@ref18]\]

The co-administration of vanadium had preventive effect on APAP-induced hepatotoxicity in the present study. The mechanism of this effect is not clear and the present study is first of its kind in evaluation of APAP-induced hepatotoxicity. Further studies are therefore needed; studies however have reported that vanadium sulfate improves oxidative stress.\[[@ref6]\]

In conclusion, the results of this study showed that deferoxamine has protective effect similar to vanadium at least in prophylaxis of APAP-induced hepatotoxicity in rats.
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